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Abstract 
This paper reports on the ultrastructure of Trichinella spiralis using transmission and scanning electron 
microscope. Male and Female adult worms were recovered from L1 and L2 infective larvae, which were 
isolated from striated mouse muscle. The adult male, which is smaller than adult female, undergoes the 
most drastic morphological changes and develops the copulatory appendages posteriorly. The female 
adult worm is larger and broader than the male; posterior, only an anus is visible. In longitudinal section 
the seminal vesicle of the male has a thick wall with elongated cells. Sperms within the seminal vesicle 
are amoeboid. Mature sperms within the vas deference have pale granular cytoplasm with a large, dense 
nucleus ringed with mitochondria. Primary oocytes, which mature in the ventral ovarian cavity, can be 
seen to developing a microvillous border. Larger mature oocytes have a well-developed microvillus 
border. Spermatheca is a thick-walled fertilizing chamber which in the fertilized female contains 
numerous sperm. Stichocyte are the most prominent cells of the anterior part of the worm. 
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1. Introduction 
Trichinosis (Trichinellosis) is a serious food born 
parasitic zoonosis with world-wide distribution, 
whenever pork, including domestic and wild pig, is 
an important component of the diet. Humans 
become infected by consuming raw or improperly 
cooked meat contaminated with encysted infective 
larvae of the parasite [1]. The larvae excyst after 
passing through the stomach and develop to adults 
in the small intestine where they live for only a 
short time (4 weeks) [2]. Also, they reported that 
after the first week, larvae start to release and 
penetrate the intestinal wall, moving to muscle 
tissue where they encyst. Trichenella spiralis is 
known to cause sporadic cases or limited outbreaks 
of trichinosis. Moreover, the infection with this 
worm in the humans is mostly asymptomatic and 
may be detected by survey based on autopsies, 
biopsies and also serology [1].  
      Several recent reviews summarize the presence 
of Trichinellosis in individual countries, such as 
China [3], Mexico [4], Argentina [5] and Hungary 
[6]. Furthermore, due to political and economic 
changes in Southeastern Europe, a reemergence of 
Trichinellosis has been reported in countries of this 
region [7] and human outbreaks have been reported 
in Germany, Italy and United Kingdom [8]. 
However, the first robust and comprehensive 
analysis of the phylogeny and biogeography 
history of Trichinella was recently reported based 
on variation in several genetic loci [9].  
      The present paper describes the fine structure 
of the Trichinella spiralis. The mouse model was 
chosen as a well established experimental model, 
which has provided considerable knowledge of the 
responses between mouse and the parasite. It also 
allowed a suitable system for providing sufficient 
parasite material for examination by scanning 
electron microscope (SEM) and transmission 
electron microscope (TEM). In an electron 
microscope study it was hoped that more detailed 
information could be obtained about the internal 
organs of this parasite. 
2. Materials & Methods 
2.1. Larvae & adults 
Infective L1 larvae were isolated from striated 
skeletal muscle of male BALB/C mice previously 
inoculated with approximately 200 infective L1 
larvae in 0.2 ml of 0.2% agar. Mice were orally 
administered with the infective larvae into the 
stomach down to the esophagus using a syringe 
and modified canulate. 
      Adult worms were isolated from infected 
animals at 42 h and 110 h post infection. Male and 
female worms were identified   under a binocular  
microscope by size and by the presence of 
copulatory spicules. Worms were directly pipetted 
into a fresh fixation solution of 2.5% 
glutaraldehyde (W/V) in 0.1 M sodium cacodylate 
at pH 7.2 and left overnight at 3º C.  Worms were 
washed in 0.1 M sodium cacodylate buffer at pH 
7.2 for 5 min, post-fixed in a 2% (w/v) osmium 
tetroxide in sodium cacodylate buffer for 1 hour. 
Postfixed worms were then dehydrated in an 
alcohol series and embedded in Spurr resin [10]. 
Ultarathin sections were cut using galss knives on a 
Raichert OM3 ultramicrotome, mounted on Nickle 
grids and stained for 20 min with 2% (W/V) 
uranyle acetate in 70% alcohol and for 5 min in 
0.3% lead citrate in 0.1 M sodium hydroxide. 
Sections were observed in a Philips 400 T.E.M and 
photographic recordings were taken on Ilford 
technical film, more details in Bughdadi [11 & 12]. 
2.2. Sectioning procedure 
To enable examination of entire structure of the 
worms the following method was used. Serial thick 
sections of 1 or 2 µm were stained with toluidine 
blue and were examined by light microscope. 
Ultrathin sections were taken every 20 µm before 
recommencing thick sectioning.   
2.3. Scanning electron microscope 
Larvae and adult worms were isolated and fixed as 
previously described, washed for 5 min, 
dehydrated in an alcohol series, dried using liquid 
carbon dioxide and mounted on stube. After sputter 
coating with gold they were observed in a 
Cambridge S90 scanning electron microscope. 
3. Result & Discussion 
3.1. Scanning electron microscope (SEM) 
observations 
The L1 infective larvae isolated from striated 
mouse muscle tissue (Fig. 1), display the typical 
coiling behavior of this stage when removed from 
the nurse cell. The larva is tapered anteriorly and 
cuticle is annulated (Fig. 2). No sex organs can be 
observed as the male copulatory appendages are 
not visible until the L2 stage [13]. The adult male, 
which is smaller than of two sexes, undergoes the 
most drastic morphological changes and develops 
the copulatory appendages posteriorly (Fig. 3). 
They consist of copulatory spicules and the four 
associated papillae (Fig. 4) arranged around the 
cloaca. The female adult worm is larger and 
broader than the male; posteriorly only an anus is 
visible (Fig. 5). During the adult phase the worm 
inhabits the epithelial cells of the villi of the mouse 
gut (Fig. 6). 
3.2. Transmission electron microscope (TEM) 
3.2.1. Male structure 
In longitudinal section, the seminal vesicle of the 
male has a thick wall with elongated cells. These 
cells have rough endoplasmic reticulum and many 
secretory globules (Figs. 7&8). Sperms within the 
seminal vesicle are amoeboid. Mature sperm within 
the vas deference have pale granular cytoplasm 
with a large, dense nucleus ringed with 
mitochondria (Figs. 7&8).     
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Fig. 1. Isolated L1 infective larvae (arrows) from a 
pepsin-HCL mouse muscle digest, demonstrating 
their typical coiled appearance when removed from 
their nurse cell. 
 
Fig. 2. A single coiled L1 infective larva. It tapers 
anteriorly from the thicker posterior end. At this 
stage sex cannot definitely be determined. The anus 
(arrow) is visible postriorly. The cuticle is 
annulated. 
 
Fig. 3. The worm tapers anteriorly (A) and has an 
annulated cuticle. Copulatory spicules have 
developed posteriorly (arrow). 
 
Fig. 4. Higher magnification of a mature male. The 
copulatory appendages (CA) and four accessory 
papillae (arrows) are now developed. 
 
Fig. 5. The posterior end with an annulated cuticle 
(arrow), the anus (A) is visible. 
 
Fig. 6. Mouse microvilli (MV) are visible; the 
posterior end of a worm (arrow) is protruding from 
a vills. 
 
Fig. 7. Longitudinal section through the seminal 
vesicle leading to the vas deference. The cuticle is 
annulated (arrow), with a thick hypoderms (H) 
overlaying a layer of somatic musculature (MW). 
The wall of the seminal vesicle is made up of 
elongated cells which contain secretory globules 
(g). The amoeboid sperm (S) have pale cytoplasm 
and a large prominent nucleus (N) which is ringed 
by mitochondria (M). The gut (G) has a 
microvillous lining (MV).  (al X= 3500). 
 
Fig. 8. The cells of the vas deference wall are 
elongate with granular cytoplasm containing large 
nuclei (N) rough endoplasmic reticulum (rER) and 
many secretory globules (g). Sperm within the 
lumen have a dense nucleus (N) surrounded by 
mitochondria (M), the cytoplasm is granular and 
viscles (V) are present peripherally. (at X=13500). 
 
3.2.2. Female structure 
In transverse section, the cuticle is composed of a 
dense outer layer, the epicuticle, overlaying an 
amorphous layer, a fibrillar layer and the 
hypodermis (Fig. 10). The somatic musculature 
consists of a single layer of muscle cells. They 
contain prominent contractile filaments, 
mitochondria and a large nucleus (Figs. 9&10).  
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Fig. 9. Ultrathrin section showing oogonia (O), 
primary oocytes (PO) and larger more mature 
oocytes (MO) contained within the ovary.   (at 
X=4000). 
 
Fig. 10. Higher magnification of part of oogonia 
showing the epicuticle (E), the amorphous layer 
(A), the fibrillar layer (F) of the cuticle and the 
hypodermis (H) are shown. Under the hypodermis 
are the somatic muscles of the body wall (ML) 
containing contractile filaments (CF) and a larger 
nucleus (N). The ovary is covered by a basal 
lamina (BL). The oogomium (O) is irregular in 
shaphas many e, the cytoplasm is dense and has 
free ribosomes (r) and lucent inclusions (I). The 
cell has a large nucleus (N) and a prominent 
nucleolus (NU).  (at X=20000). 
      
Fig. 11. Higher magnification of early fertilized 
oocyte in the posterior uterus it is surrounded by 
sperm (S) which contain dense nuclei (N), 
mitochondria (M) and possess peripheral vesicles 
(V). The fertilized oocyte has many cytoplasmic 
inclusions (I) of varying density and transparent 
areas containing membranes (m). The cytoplasm 
appears dense and granular.  (at X= 10500). 
   The gut runs as a straight tube at the anterior 
region (Figs. 11-13). The cells of the intestine are 
separated from the pseudocoelum by a basal 
lamina, and the lumen surface of the cell is lined 
with microvilli (Figs. 12&13). The ovary is 
situated in the posterior third of the female. It 
extends from rectum to the spermatheca and 
covered by a basal lamina. A solid germinal region, 
the oogonium, is seen along the ventral side and 
lines approximately one half of the ovary (Figs. 
9,12,13&14). Oogonia are irregular in shape with 
dense cytoplasm containing many ribosomes, 
rough endoplasmic reticulum lucent inclusions and 
developing mitochondria. The nucleus is large and 
appears paler than the cytoplasm containing a 
dense nucleus (Figs. 9&10). 
 
Fig. 12. Transverse section through the ovary 
showing oogonia (O), primary oocytes (PO) 
containing many developing mitochondria (M) 
with a large nucleus (N) and a prominent nucleolus 
(NU). Larger oocytes have a microvillus border 
(MV), an irregular nucleolus (NU). The gut (G) is 
visible. (at X=3500). 
 
Fig. 13. Higher magnification of a primary oocyte. 
The cell is irregular in shape. The microvillous 
border (MV) on the cell surface. The cytoplasm is 
dense, containing free ribosomes (r) and 
developing mitochondria cristae (C) are visible. 
The nucleus (N) is irregular and the nucleolus 
(NU) large and distinct. (at X=12500). 
Fig. 14. Longitudinal sections taken through the 
ovary showing the oogonium (O) and maturing 
oocytes (OC).  (at X=2000). 
       Primary oocytes, which mature into the ventral 
ovarian cavity, can be seen to be developing a 
microvillous border (Figs. 9,12&13). The 
cytoplasm remains with prominent ribosomes and 
contains many mitochondria with evident cristae. 
The nucleus has a granular appearance and is large 
in relation to the cell size. The nucleolus remains 
very prominent (Figs. 12-13). Larger mature 
oocytes (Figs. 9,10,12&13) have a well-developed 
microvillus border. Extensive endoplasmic 
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reticulum is seen in the cytoplasm and there is an 
increase in cytoplasmic inclusions, such as lipid 
droplets, and areas which differ in size and density. 
The nucleus is irregular; the nucleolus is small and 
very dense (Figs. 12&13). As oocytes grow and 
mature dorsally the cytoplasm of the cells becomes 
less dense (Fig. 9). The ovary narrows into an 
oviduct which turns dorsally to join the 
spermatheca.The spermatheca is a thick-walled 
fertilizing chamber which in the fertilized female 
contains numerous sperms (Figs. 11&12). The 
cytoplasm of sperm varies in density; the nuclei are 
usually surrounded by round and prominent 
elongated mitochondria and vesicles appear to open 
to the exterior of the cell (Fig. 11). A fertilized 
ovum passes then into the uterus which is a thick, 
muscular, walled tube covered with a basal lamina. 
It continues anteriorly until, at the level of the 
stichosome, it forms the vagina. In day-2 worms, 
sperms are present within the uterus (Fig. 11).  
      Stichocytes are the most prominent cells of the 
anterior worm. They are arranged as a row of 
approximately 50 cells and form the stichosom. In 
the adult, β granules are the most obvious 
cytoplasmic component, being situated around the 
canalicular tree which opens into the oesophagus 
(Fig. 15). The cells also have elongated 
mitochondria and rough endoplasmic reticulum at 
the cell periphery (Fig. 15).   
 
Fig. 15. Longitudinal section taken in the area of 
level of stichosome showing early blastcytes (B) 
contained within sacs lined up in the vagina. The 
stichosome is made up of row of stychocyte cells 
(ST). Each cell contains β granules (g) situated 
around the canalicular tree(CT), which is in close 
proximity to the oesophagus (OE). The cells are 
also have elongated mitochondria (M) and rough 
endoplasmic reticulum (rER).  (at  X= 4400). 
 
       Trichinosis is a disease which affects man and 
many other mammals. Despite major advances in 
control of this disease through the application of 
public health measures isolated outbreaks from all 
over the world are still reported [14&15].                                  
      Trichinosis have not been comprehensively 
studied, pervious reports have shown that partially 
purified antigens, and in vitro derived excretory-
secretory products of muscle larvae [16].  
      Yield improved enzyme-linked immunosorbent 
assay (ELISA) based assays. Infection with 
nematodes belonging to genus Trichinella is 
known to stimulate strong protective immune 
responses in experimental animals [17].   Antigens 
derived from different life cycle stages have been 
shown to induce protection immunity [17].  
       In the present study, scanning electron 
microscopy (SEM) was used to investigate the 
topography of the worm surface and the 
penetration of the worms into the caecum. 
However, in some species observed by SEM, the 
crypts opening are similar to those in AKR (Inbred 
mouse) and BALB/c mice in their regular pattern. 
These species include laboratory rodents; domestic 
animals; monkeys and human [18-23].  
      The present observations demonstrate quite 
clearly that a raised area of the caecal surface 
mucosa covers the nematode. The caecum infected 
with Trichinella spiralis closely resembles that 
following infection with T. muris [12]. Similar 
observation has also been described on infection of 
pigs with T. suis [24] although that work described 
that host-parasite relationship of attached adult 
worms only. The very active muscles, which have 
the greatest blood supply, including the diaphragm, 
muscles of the larynx, tanque, jaws, neck, and ribs, 
the biceps, gastrocnemius, and others are invaded 
[25] where the encapsulated larvae reach length of 
0.8 to 1mm within the cyst capsule. However, the 
cyst wall results from the host's immune response 
to the presence of the larvae, and the encysted 
larvae may remained viable for many years, 
although calcification can occur within less than a 
year [25].            
      The presence of worms in the epithelial cells of 
the villi of the mouse gut during the adult stage is 
similar to that described in T. muris [12]. However, 
Bughdadi [12] reported that since the worms 
develop initially without distorting the lumen 
epithelium, they are not detectable by SEM and 
TEM in L1 & L2 stages. Later in L3-L4 and the 
adult stage (Day 45), the worms give rise to 
epithelial changes. As observed in the present 
study and in previous works [26-27], the epithelial 
tunnel enlarges and becomes visible as a sinuous 
distortion of the epithelial surface as worms grows. 
Lee & Wright [28] suggested that the protrusion 
into the lumen is functionally significant, since it 
allows the release of not only the anus but also the 
reproductive organs, therefore facilitating 
defecation, copulation and release of the egg. 
Zaman [27] noted that the adult worm appears to 
feed on enterocyte material and blood, but there is 
no evidence for this in the present paper. However, 
Garcia [25] reported that pathological changes due 
to trichinosis can be classified as (i) intestinal 
effects, (ii) muscle penetration and (iii) larvae 
encapsulation. The presence of the annulated 
cuticle of the worms in the present study is similar 
to that described by [27-29], who suggested that 
the outer surface of the cuticle appears as a three-
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layered structure and the hypodermis presents well 
developed cellular components similar in 
ultrastructure to the plasma membrane of the 
hypodermal cells.  
     The present work confirms that the female 
reproductive system has the basic plan as described 
by Liang [30], Hulinska & Shaikenov [31-32] and 
Takahashi [33] who studied the ultrastructure of 
the reproductive organs of adult female T. spiralis 
recovered from the host intestine 7 days after oral 
infection. They found that the single ovary, seminal 
receptacle, uterus and vagina were surrounded by a 
basal lamina and epithelial cells and were bathed in 
haemolymph. The ovary occupies the posterior 
third of the body and the uterus occupies the 
anterior two thirds. The spermatheca has a thick 
muscular wall which is packed with sperm in 
sexually active worms. Worms are fertilized, and 
many larvae are seen in the various stages of 
development within the uterus of the adult female.  
      However, this study has established baseline 
data on the nature of the damage caused by the 
penetration of the worms at the scanning electron 
microscope level. It now requires further 
evaluation at the transmission electron microscope 
level to help elucidate the precise mechanism by 
which worms prevent the normal development of 
the host tissue.  
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